The work is devoted to the study of the effect of interval hypoxic training on the state of microcirculation of the skin in rats in the experiment. The study was conducted on white male Wistar rats weighing 70 g ±10%. In order to study the state of the dynamic characteristics of blood microcirculation, a change in blood perfusion of the tissue was considered. A non-invasive method for quantifying microvascular perfusion was used. The results showed that inhibition of microcirculation up to 50 % was observed in comparison to this value before exposure during the formation of a compensatory reaction of the body to a hypoxic effect on the 7--14 th day of the experiment. It was noted that the predominant role in the regulation of the microvasculature belongs to the passive regulation factor of microcirculation which is characterized by the involvement of blood vessels in the microvasculature due to periodic changes in blood volume in the vessel together with an increase in the arithmetic mean perfusion rate. Thus, experimentally modulated hypobaric exposure, changes the volume of blood in arterioles that is determined by a pulse wave.
Introduction
It is known that hypoxia stimulates the strengthening of the functioning of the vessels of the microcirculatory bed of the skin in the study objects. [7] [8] [9] [10] 16] . In the presented experiment the influence of interval hypobaric training on microcirculatory blood flow and mechanisms of regulation of vascular skin tone in male rats was studied [1, 3, 5] .
In addition, we investigated the differences in microcirculation at different stages of acclimatization to find out the optimal period for which the skin microcirculation is able to adapt [12] [13] [14] [15] .
Methods and Equipment

Methods
The study was performed on 30 male Wistar stock rats, weighing 70 g ±10% in accordance with the Protocol of the pilot studies approved by the Commission for monitoring and use of laboratory animals of V.A. Almazov National Medical Research Center" Ministry of Health of the Russian Federation. The animals were kept in standard conditions of the vivarium on a full diet, according to the daily nutritional standards for this species of animals, with a standard daily light-dark regime. Animals of the experimental group (group "EG", n=10) were exposed to hypoxia for 21 days, in the mode of 1 hour-1 time per day. The animals were in the cell in threes, always in the same subgroups. Animals of the control group (group CG, n=10), similarly experienced, over 21 days out the course "false" hypoxia with the placement of animals in hypobaric chamber was carried, without sealing it, and turning on the pump in mode 1 hour --1 time per day. The comparison group was a group of intact animals (group "IG", n=10). On day 22 st , the animals of all experimental groups were removed from the experiment by immersion in a CO 2 chamber. The analysis of the effect of interval hypobaric training on the microcirculation of the skin was carried out immediately after a session of hypoxia at a temperature of 22-24 0 C by noninvasive laser Doppler flowmetric sensing in the conditions of anesthesia of the animal (isoflurane). Registration of parameters was carried out at the following stages of the experiment: before hypoxic exposure --point 0, through the 1st, 7th, 14th and 21st days after the first session of hypoxia. The duration of the recording was 360 seconds. The main parameters of microcirculation were recorded (averaged data): The anesthetized rats were fixed in the position on the stomach with the limbs withdrawn to the sides. The measurement area was the inner surface of the lower hind limb, the LDF sensor was located at a distance of 2 mm from the skin surface.
The results were processed using the GraphPad Prism 7 application software package. Median and interquartile range --25 th and 75 th percentiles (IU [25% -75%]) were indicated to describe features differe from normal distribution. To assess the validity of the differences before and after exposure, the T criterion (Wilcoxon pair criterion) was applied. The U (Wilcoxon-Mann-Whitney) criterion was used to assess the validity of the differences between two non-conjugate populations. P <0.05 was taken as the critical level of statistical significance.
Results
Initially, the indicators of microcirculation in all groups did not differ statistically (p >0.05).
In the control group "IG" statistically significant changes in the index of microcirculation (IM) for the 21 st -day interval of exposure to hypoxic training were not revealed, whereas in the control group "CG"-" false hypoxia " of rats tends to decrease microcirculation after 7-14 ℎ days from 10.74 [8,38; 13,6 ] to 8.75 [6,98; 10,22] pu and the reverse recovery of this indicator to the 21 st day to 10,6 pu while there was a statistically unreliable tendency to increase the flax parameter due to increased variability of the VC (flax), with an almost constant value of the microcirculation index. (Fig. 1) In rats of the experimental group "EG", the initial values of the parameter (IM) were AgroSMART 2019 In the control group``IG'', the value of the studied parameter was kept within the normal range; no significant differences between the values were found. In the group of``false hypoxic'' rats -``CG'' there is a short-term increase in the respiratory component on the first day to 22.5 cu [15.32; 29 .82], after which this value is equalized to the initial level and remains unchanged until the end of the study.
Another passive microcirculation factor, the pulse wave, which reflects the flow of arterial blood into the microvasculature, increased in the EG group by 3% when exposed to hypoxic factor compared with the IG group. In the experimental group of rats, the amplitude of the pulse wave decreased by 37% on the first day, after which there was an increase in this indicator by 7 ℎ -14 ℎ days to 40%, on the 21 st day there was a tendency to decrease the studied parameter by 10%. In the control group``IG'' in animals, the dynamics of the respiratory component remains at the same level, at the moment when in the control group``CG'' there is a tendency to decrease this parameter, on the first day by 17% relative to the initial value, with a further return to the initial value on the 7 th day and remained at the same level until the last day of the study.
Discussion
Under the conditions of the simulated effect of hypobaric hypoxia in the EG group of experimental animals, an increase in perfusion of 25% was observed on the 1st day of hypoxic exposure, with an increase in the coefficient of variation and a decrease in the flux parameter, which may be associated with an urgent compensatory increase in the content of red blood cells, blood flow from the depot. At the same time, a decrease in the proportion of respiratory and cardiac components of vascular tone is observed. This effect may be due, inter alia, to the effect of this factor on smooth muscle precapillary, since the indicator of myogenic tone during this period remains within the standard values. In the control group``CG'' there is also a statistically insignificant increase in perfusion, while in the control group``IG'' this value is kept within the normal range.
However, in the process of development of an adaptive compensatory reaction in the EG group of experimental animals, a decrease (p≤0.05) in the level of perfusion was observed on days 14 ℎ -21 st , due to the outflow of circulating blood into the vessels of the central bloodstream. In the same period, this value in animals of the control groups`I G'',``CG'' has a slight tendency to increase.
It was proved that hypoxic effects affect systemic changes in inflammation. In the presented study, on the model of septic shock in animals, the parameters of the microvasculature were studied using intravital microscopy, which correlated with oxygen metabolism. The fact that an increase in the rate of oxygen extraction cannot attenuated that microcirculation sufficiently, is has been fully studied [18] .
A study of the functioning of regulatory systems of peripheral blood flow led to the following results. In the EG group of the experimental animals, there were no significant changes in vibration amplitudes in the ranges of myogenic, endothelial and neurogenic activity relative to the CG control group, in the course of 21 st -day hypobaric training.
In the control group "IG" during the three-week hypobaric course also no significant changes in the corresponding parameters were detected relative to the control group "CG".
However, during the development of acclimatization to hypobaric effects in animals of the EG group, the amplitudes of blood flow fluctuations in the range of respiratory and cardiac activity significantly increased on the 14 ℎ -21 st days of the study by 30% (p <0.05) and 40, 9% (p <0. 05), respectively, compared with the corresponding indicators in the control groups of subjects``CG'',``IG''.
In experimental animals,``EG'' showed an increase in skin blood perfusion on the 1st day relative to control groups of animals during hypobaric training. On the 14 ℎ -21 st day, the reverse dynamics of a decrease in blood perfusion index of blood vessels was indicated, while in the two control groups``CG'',``IG'' no significant changes were found, moreover, there was a tendency to increase this parameter. In the``EG'' group of experimental subjects, in the process of establishing the acclimatization of blood vessels of the microvasculature of hyperemia, an increase in the amplitudes of fluctuations in blood flow in the cardiac and respiratory ranges was revealed.
The above changes in microcirculation parameters in animals of the experimental group``EG'' may be associated with local changes in the functioning of the vascular components of the skin, which stimulates adaptive changes in peripheral hemodynamics. These changes can be considered systemic, presumably associated both with stimulation of the processes of microangiogenesis, and optimization of the rheological characteristics of the blood.
Conclusion
Thus 
